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INTRODUCTION sodium with thicknesses between 50 ;~m 
and 100 ~m were obtained. 
Secondary lithium cells with intercala- 
tion or insertion materials as positive Po lymer e lectro lyte sheets  (-~30 ~m) 
electrodes are now an extensively stu- Were prepared by evaporation of aceto- 
died subject. However, only few papers nitrile so lu t ions  of po ly - (e thy lene  
covering the corresponding sodium sys- oxide) (PEO) and the proper  amount  of 
terns have yet appeared. Ostensibly this Nal, recrysta l l i zed from acetonitr i le  
is due to the lack of reversible sodium and vacuumdried at l~0~ The PEO (WSR 
/electrolyte half-cells functioning be- 301 Polyox, MW = 4.I0 ~, BDH) was used 
low 200~ higher temperatures  most as received. The films were prepared  
e lec t rode  mater ia l s  will react  via and handled in an argon filled dry box. 
displacement reactions, which generally The Nal concentration in the films used 
have lower electrode potentials and do cor responded to a Na/O rat io of 1:10. 
not possess the inherent reversibility With this electrolyte, the operat ing  
of intercalation reactions, temperature of the cell is confined to 
the interva l  between 98~ (melting of 
Liquid organ ic  electrolytes consisting sodium) and 65~ as the electro lyte 
of NaI dissolved in propylene carbonate conduct iv i ty  decreases  rapid ly  below 
have been used for electrochemical pre- this temperature. 
parat ion  of sodium in terca la ted  TiS 2 
(1,2). The Exxon group has cycled both Composite MoS 3 electrode films (-~50 ~m) 
Na/TiS~ and Na/MoS 3 using sodium trie- with the overal l  composit ion: 72 w/o 
thyl  [N-pyrrol)  b~orate d isso lved in MoS3, 20 w/o PEO, and 8 w/o Nal were 
1 .3 -d ioxo lane  as e lec t ro ly te  (3,4). 
Most other groups have chosen to use 
two-electrolyte systems with an ionic 
conducting ceramic membrane. This mem- 
brane separates molten sodium from the 
liquid e lectro lyte forming contact  to 
the act ive mater ia l  in the posit ive 
e lectrode (5). 
I n  this communication cycling of a cell 
with solid sodium in contact  with a 
polymer electrolyte and with amorphous 
MoS 3 as positive electrode is reported. 
EXPERIMENTAL 
prepared  by evaporat ing  acetonitr i le  
suspens ions /so lu t ions  of the ingredi- 
ents  onto nickel foils. In some cases 
graph i te  was  added as conduct ive  
diluent, but no improvement  of cell 
performance at these very low current 
densit ies was achieved. 
The cell was mounted with spring load 
in a Ni-plated brass  container sealed 
with a viton O-ring. This container was 
heated in air to 90 ~ in a Buchi T0-50 
oven. 
RESULTS 
Amorphous MoS 3 was prepared by thermal 
decompos i t ion  of (NH4)2MoS 4 as des- 
cribed by Jacobson et aY (3): 
The first two cycles of the cell 
Na / PEO-NaI (10:1) / HaS 3 
Sodium electrodes were made by pressing are shown in fig. i. The current densi- 
a layer of sodium onto a Ni foil, using ty usgd for discharge and charge was 15 
polyethylene sheets to aid the sprea- ~A/cm ~ in these cycles, cor respond ing  
ding. In this way smooth  layers  of to a stoichiometric discharge time of 
45 h. The cell was discharged to 1.5 V 
*Electrochemical Society Active Member. 
3061 
Downloaded 28 Sep 2009 to 192.38.67.112. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp
3062 J. Electrochem. Soc.: ACCELERATED BRIEF COMMUNICATION December 1985 
2, 75 
E. 50 
2.25 
2. O0 
1, 75 
i. 50 
I I I 
E / V va Na 
X 
0.0  0.5 1,0 
1,0 
0.5 
0.0  
1.5 0 
X (Na/Mo) 
§ 
I I l 
TOTAL Na/Mo 
+ 
......,...---'""- 
<- ....,'" -> 
++ .. 
++;+ +++++++§ 
++ 
.' CYCLE++++++++++ 
"" I I I *++ 
I0 20 50 40 
iO 
Fig. 1. Initial cycles of the cell Na/ 
Na I -~EO (10:1) /MoS 3 at 15 
#A/cm ~. Charge recalculated as 
X = Na/Mo based on total Mo- 
analysis of cell. 
Fig. 2. Discharge capacity as function 
of cycle number .  The tota l  
number of Na cycled per Mo is 
also shown. 
and recharged to 2.6 V vs Na. It is 
seen that  the coulombic cycling effi- 
ciency (the ratio between discharge and 
charge capacity) is considerably less 
than unity, possibly due to dispropor- 
tionation of the electrolyte. An advan- 
tage of using iodide-containing elec- 
trolytes in alkali metal batter ies 
might be that  the iodine l iberated 
during overcharge recombines with the 
alkali metal and thereby scavenges the 
negative electrode of developing den- 
drites. 
The discharge curve is smooth as expec- 
ted for an amorphous electrode mate- 
rial, and 1.4 Na/Mo is inserted during 
the first discharge. Previously dis- 
charge capacities of up to 3 Na/Mo have 
been achieved (4), but the capacity has 
been shown to be sensitive to the de- 
tails of the MoS 3 synthes is  (6). The 
stoichiometric cap~city calculated from 
the first discharge is 290 Wh/kg. 
The development of the discharge capa- 
city upon cycling is shown on fig. 2. 
The charge a~d discharge current used 
was 1~0 ~A/cm in cycle 3 to 9, and 15 
~A/cm = in the other cycles, Despite 
the rapid decrease in cell capacity, a 
total number  of 10 Na/Mo have been 
cycled dur ing the lifetime of this 
cell, and the available amount  of so- 
dium has been cycled 1.5 times. This 
shows that, even close to its melting 
point, sodium forms a sufficiently 
Manuscript submitted July ii, 1985; revised 
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stable interface with a PEO-electrolyte 
to allow reversible operat ion of this 
electrode. Possibly the formation of a 
passive sodium ion conducting film on 
the interface is responsible for this 
stability. 
It is thus concluded that solid state 
sodium batteries might be feasible by 
extension of lithium battery technolo- 
gy, especially when electrolytes with 
better conductivity and more reversible 
electrode materials are developed. 
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